We define an n-type (1, -1) matrix N = 1 + R of order n ~ 2 (mod 4) to have R symmetric and R2 = (n -1)/n. These matrices are analogous to skewtype matrices M = 1 + W which have W skew-symmetric.
INTRODUCTION An
Hadamard matrix H is a matrix of order n, all of whose elements are + I or -1 and which satisfies H HT = nl n • It is conjectured that an Hadamard matrix exists for n = 2 and for n = 4t, where t is any positive integer. Many classes of Hadamard matrices are known; most of these can be found by reference to [2] , [3] , and [4] . Hadamard matrices are known for all orders less than 188.
An Hadamard matrix H = S + I is called skew-Hadamard if ST = -So
It is conjectured that, whenever there exists an Hadamard matrix of order n, there exists a skew-Hadamard matrix of the same order. As the existence of skew-Hadamard matrices is needed for some of my results I list the classes of orders for which skew-Hadamard matrices are known to exist:
t, ri all positive integers, k i = p;i + 1 == 0 (mod 4) Pi a prime; from [5] .
II.
(p -1P + 1 p the order of a skew Hadamard matrix; from [1] .
III.
2t(q + 1) t ;;, 1 an integer, q (prime power) ecce 5 (mod 8); from [7] .
IV. 52 From [6] .
V. 36 From [8] .
VI. 
where I is the identity matrix of order v and J is the matrix of order v with every element + 1.
A set of elements D = {Xl' X 2 '''., Xk} will be said to generate a circulant 
where
We now investigate the existence of n-type matrices and we will show three classes of these matrices exist:
I.
pr -;-1 pr ""= 1 (mod 4) is a prime power.
(n -1)2 + 1 Where n is either the order of a skew-Hadamard matrix or the order of an n-type matrix.
(n -1)3 + 1 Where n is the order of an n-type matrix.
PROOF OF CLASS 1. The observation that matrices of order pr + 1 == 2 (mod 4), where q = pr is a prime power, can be found satisfying the requirements for l1-type matrices is due to Williamson [5, p. 66 ]. As in [5] we define D = (d;J of order q by
where a 1 , a 2 , ... , a 1 are the elements of a Galois field in some fixed order and x(a) = 1 or -1 according as U is or is not the square of an element of the GF(pr).
is an n-type matrix of order p" + 1.
PROOF OF CLASS II. If N is an 'Hype matrix of order n then N may be written as (3) where
If V is a skew-Hadamard matrix of order n then V may be written as 
is an n-type matrix of order (n -1)2 -+-1.
PROOF OF CLASS III. With D as in (3)and D, I, and 1 all of order /1 -1 we define
This is similar to Goldberg's construction for Hadamard matrices as his matrix may be written as
where B is given by
is an n-type matrix of order (n -1)3 + 1.
LEMMA 1. If there is an IHype matrix of order n, then there is a symmetric Hadamard matrix of order 2n.
PROOF: Let N = I -i--P be the n-type matrix of order n. Then p2 = Then if N = I -L R is an n-type matrix of order 11, R2 = (n -1) I" and
So L is the required Hadamard matrix of order I1h. 
and XyT + YXT = O.
Then, if
H is symmetric and, since
H is Hadamard. PROOF: This follows with n of the theorem of class I and D defined as in (2) . By Theorem 1 of [3] , a circulant D and a back-circulant M satisfy MDT = DMT and since A1 and D are both symmetric the conditions of the theorem are satisfied. COROLLARY 
7.
If there is a n-type matrix of order: 
respectively. 
So, if N = I-+-R is the n-type matrix, RT = Rand R2 = (n -1) In .
Now consider then
So H is the required Hadamard matrix. PROOF. In each case C of the theorem is a back-circulant matrix generated by a difference set; we again use the notation of Marshall Hall [9] .
